We discuss observational properties of strong emission-line galaxies at low redshift found by our deep imaging survey for high-redshift Lyα emitters. In our surveys, we used the narrowband filter, NB816 (λ center = 8150Å with FWHM = 120Å), and the intermediate-band filter, IA827 (λ center = 8270Å with FWHM = 340Å). In this survey, 62 NB816-excess (> 0.9 mag) and 21 IA827-excess (> 0.8 mag) objects were found. Among them, we found 20 NB816-excess and 4 IA827-excess Lyα emitter candidates. Therefore, it turns out that 42 NB816-excess and 17 IA827-excess objects are strong emission-line objects at lower redshift. Since 4 objects in the two low-z samples are common, the total number of strong low-z emitters is 55. Applying our photometric redshift technique, we identify 7 Hα emitters at z ≈ 0.24, 20 Hβ- [Oiii] ones at z ≈ 0.65, and 11 [Oii] ones at z ≈ 1.19. However, we cannot determine reliable photometric redshifts of the remaining 17 emitters. The distributions of their rest frame equivalent widths are consistently understood with recent studies of galaxy evolution from z ∼ 1 to z ∼ 0.
Introduction
A number of deep imaging surveys for Lyα emitters (LAEs) at high redshift have been conducted in this decade, leading to the discovery of forming galaxies beyond z = 5 (see for review, Taniguchi et al. 2003b; Spinrad 2004) . In these surveys, a narrowband filter with bandpass of ∼ 100Å has been used. One of the most popular narrowband filters is a filter with the central wavelength of ≈ 8150Å, because OH airglow emission lines are significantly weak in this wavelength range. The use of this filter makes it possible to search for LAEs at z ≈ 5.7 (Hu et al. 1999; Rhoads & Malhotra 2001; Ajiki et al. 2002 Ajiki et al. , 2003 Taniguchi et al. 2003a; Hu et al. 2004; Wang, Malhotra, & Rhoads 2005; Ouchi et al. 2005; Westra et al. 2005) .
In these surveys, strong emission-line objects such as starburst galaxies and active galactic nuclei (AGN) at low redshift can be also found (Stern et al. 2000; Fujita et al. 2003a; Ajiki et al. 2003 Ajiki et al. , 2004 Hu et al. 2004 ); e.g., Hα emitters at z ≈ 0.24, [Oiii] λ5007 emitters at z ≈ 0.63, [Oiii] λ4959 emitters at z ≈ 0.65, Hβ emitters at z ≈ 0.68, [Oii] emitters at z ≈ 1.19, and so on. It is important to estimate how many strong emission-line objects at low redshift (hereafter we call them strong low-z emitters) are present in such LAE searches and which kinds of strong low-z emitters are common. These strong low-z emitters have large emission-line equivalent widths since a typical survey limit of the rest-frame equivalent width for Lyα emitters at z = 5.7, 20Å is corresponds to ≈ 135Å for Hα ones at z = 0.24, ≈ 100Å for [Oiii] ones at z = 0.65, and ≈ 61Å for [Oii] ones at z = 1.19.
In this paper, we investigate observational properties of such strong emission-line objects at low redshift found in our deep LAE survey with the narrowband filter, NB816, centered on 8150Å with the passband of ∆λ FWHM = 120Å, and the intermediate-band filter, IA827, centered on 8270Å with the passband of ∆λ FWHM = 340Å, that were carried out by using the prime-focus camera, Suprime-Cam on the 8.2 m Subaru Telescope (Ajiki et al. 2003 (Ajiki et al. , 2004 .
In this paper, we adopt a flat universe with Ω matter = 0.3, Ω Λ = 0.7, and H 0 = 70 km s
Mpc −1 . Throughout this paper, magnitudes are given in the AB system.
Data
We have carried out an optical imaging survey for LAEs in the field surrounding the quasar SDSSp J104433.04−012502.2 at the redshift of 5.74 (Fan et al. 2000; Djorgovski et al. 2001; Goodrich et al. 2001) , using the Suprime-Cam (Miyazaki et al. 2002) on the 8.2 m Subaru Telescope (Kaifu et al. 2000; Iye et al. 2004 ) on Mauna Kea. The Suprime-Cam consists of ten 2k × 4k CCD chips and provides a very wide field of view, 34 ′ × 27 ′ (0.202 arcsec pixel −1 ). In this survey, we used the narrowband filter, NB816, the intermediate band filter, IA827, and the broadband filters, B, R C , I C , and z ′ . The limiting magnitudes (3σ) within a 2.8-arcsec aperture of the reduced images are NB816= 26.0, IA827= 25.6, B = 26.6, R C = 26.2, I C = 25.9, and z ′ = 25.3. The total response (filter, optics, atmosphere transmission, and CCD sensitivity are taken into account) curve of each filter is shown in figure 1 . A summary of the imaging observations, source detection, and photometry are given in Ajiki et al. (2003 Ajiki et al. ( , 2004 .
Results and Discussion
3.1. NB816-selected sample of strong low-z emitters
As for NB816-excess objects, Ajiki et al. (2003) adopted the following criteria:
and
where Iz815 is the continuum magnitude at λ = 8150Å estimated by using a combination of the flux densities (f ν ) in the I C and z ′ bands;
The Iz815 magnitude gives us a good approximation of the continuum around 8150Å for the object without significant emission or absorption lines in the I C and z ′ bands. There are 62 NB816-excess objects which satisfy the above two criteria.
In order to isolate LAE candidates from interlopers at lower redshift, they adopted the following criteria:
and R C > 26.6 for I C > 24.8.
Then they obtained a final sample of 20 LAE candidates. Two objects were identified as LAEs at z = 5.69 and z = 5.66 from their follow-up optical spectroscopy (Ajiki et al. 2002; Taniguchi et al. 2003a) . Their analysis indicates that the remaining 42 objects are strong emission-line objects at lower redshift. Their properties are summarized in table 1. Their images and spectral energy distributions (SEDs) are shown in figure 2.
IA827-selected sample of strong low-z emitters
As for IA827-excess objects, Ajiki et al. (2004) adopted the following criteria:
Iz827 − IA827 > 0.8,
where Iz827 is the continuum magnitude at λ = 8270Å estimated by using a combination of the flux densities (f ν ) in the I C and z ′ bands;
The Iz827 magnitude gives us a good approximation of the continuum around 8270Å for the object without significant emission or absorption lines in the I C and z ′ bands. There are 21 IA827-excess objects which satisfy the above three criteria. In order to isolate LAE candidates from interlopers at lower redshift, they adopted the criteria of (4), (5), and (6). Finally they obtained a final sample of 4 LAE candidates.
Their analysis indicates that the remaining 17 objects are strong emission-line objects at lower redshift. Their properties are summarized in table 2. Their images and SEDs are shown in figure 3 . Four of the 17 objects are common with NB816-selected emitters, and the total number of strong low-z emitters is 55.
AGN fraction
As well as star forming galaxies, AGNs, especially broad-line (type 1) AGNs, also show strong emission lines. Therefore, we estimate a probable fraction of AGNs in our strong low-z emitter sample from a statistical point of view. Hao et al. (2005a) find 1317 broad-line AGNs from the Sloan Digital Sky Survey (SDSS; York et al. 2000) . We use the catalog of their broadline AGN sample which is available electronically, and find about 14% (1.2%), 4.5% (0.6%), and 1% (0.2%) of them satisfy the equivalent width criteria that correspond to those of our NB816-(IA827-)selected Hα, Hβ- [Oiii] , and [Oii] emitters, respectively. Note that some of narrow line (type 2) AGNs satisfy our equivalent width criteria, although the fraction is negligibly small (< 2%). On the other hand, we estimate the expected number of the AGNs in our NB816-(IA827-) survey volume using AGN luminosity functions. Hao et al. (2005b) obtained the Hα, [Oiii] , and [Oii] luminosity functions of the broad-line AGNs at 0 < z < 0.15. Assuming their luminosity functions, we find that the expected numbers of AGNs in our NB816 (IA827) survey volume and luminosity range are 8.0 (6.2), 2.1 (1.4), and 0.2 (0.03), for the Hα, Hβ- [Oiii] , and [Oii] emitters, respectively. Assuming that there are no strong correlations between the equivalent widths and luminosities of AGNs, we combine these results and find that the total expected number of AGNs in our sample is ≈ 1. Since this number is only ≈ 2% of the total number of our strong low-z emitters, we ignore AGN contamination in the following analysis.
Classification of strong low-z emitters
Strong low-z emitters are considered to be Hα emitters at z ≈ 0.24, [Oiii] λλ 4959, 5007 emitters at z ≈ 0.63, Hβ emitters at z ≈ 0.68, or [Oii] λ3727 emitters at z ≈ 1.19. In general, they are photometrically classified by using a certain broad-band color-color diagram unless they are not strong emitters; i.e., moderate emission-line objects (e.g., Fujita et al. 2003b; Umeda et al. 2004) . However, if they are very strong emitters, it becomes difficult to classify them because their strong emission lines affect their broad-band colors. In particular, as for strong NB816-excess objects, we cannot use I C band photometry in such a color analysis.
We, therefore, attempt to classify strong low-z emitters by using the photometric redshift method including the effects of emission lines. Our basic method is given in Shioya et al. (2005 , see also Shioya et al. 2002 . To apply this method for strong emission-line galaxies, we generate SED templates with emission lines. First, we generate the continuum SEDs of model galaxies by GALAXEV (Bruzual & Charlot 2003) with adopting τ = 1 Gyr. We assume Salpeter's initial mass function (the power index of x = 1.35) with the stellar mass range of 0.1 ≤ m/M ⊙ ≤ 100. We adopt ages of t = 2, 1, 0.1, and 0.01 Gyr and metallicity of Z = 0.02, 0.008, and 0.004. Second, we calculate the number of ionizing photons, N Lyc , for each SED template. We then evaluate Hβ luminosity, L(Hβ), using the following formula (Leitherer & Heckman 1995) : L(Hβ) = 4.76 × 10 −13 N Lyc erg s −1 . Then, we calculate emission-line ratios using Cloudy94 (Ferland 1997) for each SED template. We adopt emission-line ratios for the case of hydrogen density n H = 10 2 cm −3 , and ionization parameter log U = −2, −3, and −4. The gas metallicity is given the same metallicity of each SED template. Finally we combine the calculated emission-line spectra with the continuum spectra for each SED template. We adopt the dust-extinction curve for starburst galaxies determined by Calzetti et al. (2000) with visual extinction of 0.0, 0.1, 0.3, 1.0, and 2.0.
Applying this photometric redshift technique, we obtain the likelihood distribution for each of our 55 strong low-z emitters as a function of redshift. The likelihood distributions are shown in right panel of figures 2 and 3. Note that the likelihood distributions are normalized by their maximum-peak value. We classify each of our emitters into three emission-line types (Hα, Hβ-[Oiii] , and [Oii] ). In this classification procedure, we investigate likelihood distributions for each objects. If an emitter has a peak (or peaks) higher than 0.5 at z ≈ 0.24, z ≈ 0.63-0.68, or z ≈ 1.19, we classify it as an Hα, an Hβ- [Oiii] , or an [Oii] emitter, respectively. However, in some cases they are classified two or three types. Since we cannot assign a certain emission-line type to them, we call them as "possible" sample. On the other hand we call emitters with a certain type as "reliable" sample. The photometric redshifts and types of our strong low-z emitters are given in tables 3 and 4. The summary of classification is also shown in figure 4 and table 5. For reference, we also show those of LAE candidates from Ajiki et al. (2004) in figure  4 and table 5. In figure 5 we show color distributions of our strong low-z emitters. As shown in this figure, the colors of our strong low-z emitters in each emission-line type are distributed around those of the model loci. Since the distribution of observed colors of galaxies at z = 0.24 is very similar to that at z = 0.63, usual selection by color-color diagrams cannot distinguish them. Note that possible misidentification between Hα emitters and Hβ-[Oiii] emitters for galaxies with blue SEDs may be unavoidable even with our photometric redshift technique (see section 3.6). Follow-up spectroscopic observations are necessary for exact classification.
Properties of strong low-z emitters found in our survey
We estimate the line flux (F line ) and observed equivalent width (EW obs ) of each strong low-z emitter following the method by Pascual (2001) and Fujita et al. (2003) . We add the correction of the responses of filters to their methods. The flux densities (f ν ) in the Iz815, Iz827, NB816, and IA827 bands can be expressed as the sum of the line flux and the continuum flux densities:
where f cont is the continuum flux density around the emission-line wavelength. The factors of the contributions of the line fluxes at ν line to the Iz815, Iz827, NB816, and IA827 filters are denoted as r Iz815 (ν line ), r Iz827 (ν line ), r NB816 (ν line ), and r IA827 (ν line ), respectively. The values, r NB816 (ν line ) and r IA827 (ν line ) are equal to the responses at ν line of the NB816 and IA827 filters. The values, r Iz815 (ν line ) and r Iz827 (ν line ), are calculated from the responses of the I C and z ′ filters, r I C (ν line ) and r z ′ (ν line ), as the same manner as relation (3) and (10) as follows:
The effective widths of Iz815, Iz827, NB816, and IA827 are denoted as W Iz815 , W Iz827 , W NB816 , and W IA827 , respectively. The effective width of "band", W band , is calculated from r band (ν) ("band" means Iz815, Iz827, NB816, or IA827), as follows:
Since the ratio, W band /r band (ν), does not depend on the normalizing factor, we normalize r band (ν) by the value averaged over effective wavelength ranges of NB816 (8090Å -8210Å) for Iz815 and NB816 or those of IA827 (8100Å -8440Å) for IA827 and Iz827 for convenience. By this normalization, we obtain the effective widths, W Iz815 = 7.6 × 10 13 Hz, W Iz827 = 8.6 × 10
13
Hz, W NB816 = 6.5 × 10 12 Hz, and W IA827 = 1.7 × 10 13 Hz, respectively. Then the continuum flux density, the line flux, and the equivalent width can be expressed as follows:
In the estimates of the continuum flux densities and line fluxes, we use relations (18) and (20) our NB816-selected emitters and use relations (19) and (21) for our IA827-selected emitters.
As for the factors of the contributions of line fluxes, we use the value averaged over the effective wavelength range of NB816 or IA827 [i.e, r band (ν line ) = 1] since we have no information about the detailed line wavelengths of our emitters. The line fluxes, observed equivalent widths, and the FWHMs of the image sizes for our NB816-and IA827-selected emitters are given in tables 3 and 4, respectively. The large uncertainties which is independent from photometric error possibly exists in the above estimates. For example, if a very strong emission line is at nearly the edge of the NB816 filter response curve where the response is < ∼ 50% of the averaged value, the equivalent width and the line flux of the emitter are underestimated by a factor of > ∼ 2. In addition to this, in the case of the Hβ-[Oiii] emitters, there are also uncertainties of the types (Hβ, [Oiii]λ5007, or [Oiii]λ4959) and the number of the emission lines covered by NB816 or IA827. For example, for a Hβ-[Oiii] emitter at z = 0.63, we can only detect the [Oiii]λ5007 emission line by our NB816 or IA827 observation and miss the other (Hβ and [Oiii]λ4959) emission lines. Therefore, we may underestimate EW obs and F line of some of our emitters by a factor of > ∼ 2. In particular, the estimates of the most of the Hβ-[Oiii] emitters may be underestimated. The spectroscopic observation is necessary to estimate the equivalent widths and the line fluxes without these uncertainties.
We compare the estimates of EW obs obtained from the IA827 excess with those from the NB816 excess of the four emitters (Nos. 2, 12, 31, and 41) selected as both the NB816 and IA827 excess. Although the two estimates are nearly the same for one object (No. 2), for the other three objects (Nos. 12, 31, and 41), the estimates from IA827 excess are larger than those from the NB816 excess by a factor of 2 -3. These large differences can be explained by the uncertainty noted above. For example, if those emitters have a emission line at ≈ 8220Åwhere the normalized response of IA827 is higher than that of NB816 by a factor of ≈ 2, the estimates of EW obs from IA827 is also higher than that from NB816 by a factor of ≈ 2. On the other hand, if they are Hβ- [Oiii] emitters, the wide passband of IA827 can cover both Hβ and [Oiii] emission lines simultaneously, while the narrower wavelength coverage of NB816 may cover only one of them (see figure 6) .
We also estimate the line luminosity (L line ) and rest frame equivalent width (EW 0 ) for each strong low-z emitter using the following relations:
where d L is the luminosity distance. In the above estimate, we assume z = 0.24, z = 0.65 and z = 1. [Oii] emitters since the central wavelength of the most redward band used in our survey, z ′ (λ center ≃ 9000Å), corresponds to the rest frame wavelength of ≃ 4100Å at z ∼ 1.2. The estimates of L line , EW 0 , and M B (or M 410 ) for our strong low-z emitters are given in tables 6, 7, and 8.
Comparison with emission-line galaxies at z < 0.1 in the SDSS data
It is interesting to study whether or not our strong low-z emitters have common properties with those of emission-line galaxies in the local universe. For this purpose, we select the three types of emitters in the local universe from the galaxies in the spectroscopic catalog of the third data release of the SDSS (SDSS DR3; Abazajian et al. 2005) . The SDSS samples are selected so as to match the absolute magnitude limits of our strong low-z emitter samples (M B < −13.5 for Hα emitters, M B < −16.3 for Hβ -[Oiii] emitters, and M 410 < −17.6 for [Oii] emitters). The redshift ranges of the resultant SDSS samples are 0.003 < z < 0.006 for Hα emitters, 0.008 < z < 0.015 for Hβ -[Oiii] emitters, and 0.03 < z < 0.06 for [Oii] emitters. The rest-frame equivalent widths of Hα, Hβ -[Oiii], and, [Oii] emitters in the SDSS DR3 are estimated as follows:
and We compare the redshift range, the survey volume, the limiting EW 0 , the numbers, and the number density of each type of emitters in the SDSS DR3 to those of our strong low-z emitters in table 9. It is noted that approximately 10% of objects are missed from the spectroscopic catalog of the SDSS DR3 by fiber collisions. Since this incompleteness is negligibly small, we perform no correction for the detection completeness the following analysis.
In figure 7 , we compare EW 0 and M B distributions for our sample with those of the SDSS DR3. As shown in the left and right panels of this figure, the properties of M B and EW 0 of strong Hα emitters at z ≈ 0.24 and [Oii] emitters at z ≈ 1.19 found in our survey are similar to those of the SDSS DR3. However, as shown in middle panel of the figure, some of our Hβ-[Oiii] emitters at z ≈ 0.63-0.68 are more luminous than those of the SDSS DR3. We wonder if they may be misidentified in our classification, since as mentioned before, it is often difficult distinguish between Hβ-[Oiii] and Hα emitters. If they were Hα emitters at z ∼ 0.24, their M B could correspond to the bright part of the Hα emitters in the SDSS DR3. Follow-up optical spectroscopy will be necessary to disentangle this issue.
In figure 8 , we show distributions of EW 0 of the three types of emitters. Even if "possible" emitters included, the number density of our Hα emitters at z ≈ 0.24 with
) is lower than that of the SDSS DR3 at 0.003 < z < 0.006 (1.0 × 10 −2 Mpc −3 ). It indicates that the detection completeness of our survey for Hα emitters is ≈ 52% of the SDSS DR3. Note that even if all of our emitters classified as Hβ- [Oiii] were to be Hα emitters, the detection completeness of our survey for Hα emitters would be ≈ 80% of the SDSS DR3 at most. On the other hand, even if excluding the "possible" objects, the number density for our [Oii] emitters at z ≈ 1.19 with EW 0 > 110Å (1.7 × 10 −4 Mpc −3 ) is about 6 times higher than that for the SDSS DR3 at 0.03 < z < 0.06 (3.0 × 10 −5 Mpc −5 ) (see the bottom panel of figure 8 or table 9 ). If we assume that the ratio of the detection completeness for [Oii] emitters of our survey to that of the SDSS DR3 is almost the same as that for Hα emitters (80% at most), the number density (or emission-line equivalent widths) of strong [Oii] emitters may decrease from z ∼ 1 to z ∼ 0 by a factor of > ∼ 7. Therefore, the number density of strong [Oii] emitters shows strong evolution by a factor of > ∼ 6-7 between z ∼ 0 and z ∼ 1. This evolution in the [Oii] equivalent width have been reported by the spectroscopic studies (e.g., Cowie et al. 1996; Hammer et al. 1997) . Although our samples have uncertainty in the detection completeness and photometric redshift, this evolution is supported by the star formation history between z ∼ 0 and z ∼ 1 (e.g., Tresse et al. 2002; Lilly et al. 1996) .
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